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(54) Low cost apparatus for dat acting arcing faults and a'rcuH breaker Incorporating same 



(57) A lew cost analog axing detector (23) and a 
circuit breaker (3) incorporating such a detector (23) 
provide a variable response time to arcing faults based 
upon the amplitude of the arcing current. A fitter (31) 
generates pulses having an amptftuae proportional to 
the amplitude of the step increase in current generated 
by the striking of the arc. The pulses are recttftea and 
the amount by which the single polarity pulses exceed a 
threshed value, selected to eliminate nuisance trips on 
current step increases characteristic of some common 
toads, is integrated by a capacitor (105) connected to a 
restetor (V3) which continually adjusts the capacitor 
voltage m a sense ooposrte to that ot the pulses The 



cepacitor (1 05) and resistor ;i i 3) are selected to gener- 
ate a trip signal as a function of the accumulated, time 
attenuated magnitude of tha step ncreasee in current 
associated with seen striking of the arc current. Prefer- 
ably, the pulses are squared before the reference cur- 
rent Is subtracted to provide faster response for large 
amplitude arc currents, while avtxSng false trips causec 
by drown loads Preferably, the arcing detector (23) is 
used with a ground carerrt detector (231) which pro- 
vides further protection by "tipping on ground currents 
llowing through carbon tracks deposited by arcing cur- 
rents below the freehold cf the arcing fault detector. 
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Description 

3AC KGHOCNP Or 'HE INVENTCN 
Feklc**re ryer: cn 

T his ;rvernon refaies to apparatus responsr/9 ;c 
arcing m-its arc circuit breakers incorporating same, 
and mors particularly $ucn apparatus oreferabty utfo- 
ir.g analog circuits. *<? 

SadcQTOLra information 

Conventional circuit breakers respond to overcur- 
rents and short arcjits to :nterruot current in a protected js 
circuit Sorre circuit breakers also protect personnel 
and equioment from ground current* Recently tnere 
has been increased merest in providing protection 
against arcing faults. Arcing faults can occur for 
instance between adjacent bared conductors, between x 
axposed ends of broken conductors, at a feuiry connec- 
tion and in other situations wnere conducting elements 
are in close proximity. 

Arcing faults In ac systems can be intermittent as 
tire magnetic repulsion Icrcas generated by the arc cur- 25 
rent force the conductors apart to extinguish the arc. 
Mechanical forces then bring the conductors together 
again so that another arc is struck. 

Arcing faults ryncatly have hign resistance so that 
the arcing current is beiow the instantaneous or mag- 33 
netic trip thresholds of protection in a typical circuit 
breaker Also, ire intermittent nature ol an arcing *au ft 
can create an average RMS current value which <s 
b low the therrnaJ threshold tor the circuit breaker Even 
so. the arcs can causa injury or start a fire If they occur ss 
near combustfcle material, tt is not practical to simply 
lower tn a pick-up currents on conventional circuit break- 
ers as there art many typical loads which draw similar 
currents, and would therefore, cause nuisance trips. 

Much attention has been directed toward trying to 40 
dsimguish arcing currents from other intermittent cur- 
rents. 8 has been recognized that arcing currents gen- 
erate a step increase in current when the are "rs struck 
However, many typical loads generate a simitar step 
increase whan a device is turned on. In many instances, «s 
the step increases generated by these 'oads are singu- 
lar events while an arcing fault generates a series of 
step increases. One fault detector counts the step 
increases and generates a trip signal If a selected 
number of step increases occur within a given interval 33 
However, there are loads such as a so)id state dimmer 
switch which also generates step ator eases in current 
when the firing angle is phased bock substantially 

11 has also been recognized that arcing faults gen- 
erate a great deal of high frequency noise, and further, 5? 
that there are periods of quiescence in the high fre- 
quency component Seme drtuit breakers look to such 
features to dlfferertlate arcing faults from other phe- 
nomena. Circuit breakers which rery uoon such detailed 



characteristics of current waveforms to detect axing 
faurts typically utilize a rrtcroprocesscr to oertorm the 
analysts. They aieo require fairly good quality ana'og-to- 
cigrtai conveners ;o capura ths high frequencies cr 
interest Thus such arcing 'aurt detectors add si^nil - 
certify to ir^e cast o f 2 c rcui b'eafcer. ana "n ihe cas» 0* 
a typical res ; d9rtial c:rcu : ! Dreaker. can TuJtip:y its cost 
many tines. Yet ever, such sophisticated arc detecting 
circuit oreaKers are 6ubject to misance trips when con- 
*T*ited with some common lead devices. 

There is a reed thereto re, tor an improved circuit 
breaker tor providing protection against arcing *auts 
wrich is economically cracticai. tn this regard, there is a 
need tor such a circuit breaker which can reliably 
respond to arcing faults and which does not require a 
microprocessor and associated hign cjaiity analog 33 
digital converter. 

SUMMARY OF THE INVENTION 

These needs and others are satisfied by the inven- 
tion which is directed to apparatus tor detecting an arc- 
ing fault ano circuit breakers incorporating such 
apparatus both having a simple, tow cost circuit to 
detect arcing faults. Rather than analyzing the high fre- 
quency noise which accompanes an arcing current, this 
circuit responds to a step increase in current accompa- 
nying each string of the arc, and the repetitive occur- 
rence of the arc. More particularly, it responds to the 
accumulated, time attenuated amplitude of the step 
increases in current The greater the ampfitude of the 
step increase in current caused by striWng of the arc the 
fewer step increases are needed to detect the ardng 
current In tact, if the arcing current is sufficiently high, a 
single efritfng of the arc wil ba sufficient to Indicate the 
presence of the arc. In order to reduce nuisance trio- 
ping, a preferred srnbedimem of the invention only 
responds to step tncrease* <n current which exceed 
those associated with common loads, such as for 
instance dimmer switches and irons with a bi-metal 
tiermostat. 

In particular, an analog circuit in accordance witn 
fie invention indudes sensing means which, in the pre- 
ferred embodiment, is the bi-metai of the thermal tnp 
unit comrnonly tound in small circuit breakers. The vofc- 
age across the sensing means, which represents load 
cjrnent, is converted to putaea having an amplitude pro- 
portional to the amplitude of the step increase in load 
current by one or more low pass Mite's combined with 
one or more high pass fitters. These pulses are full wave 
rectified and converted to current pulses by a circuit 
which responds to the very : ow ampfitude pulse signals 
output by the fitter. These current pulses are then 
applied to a capacitor which integrates them with 
respect to time. The charge on the capacitor is ccrrttiu- 
ously adjusted so that the voltage across the capacitor 
represents the accumulated, time attenuated amplitude 
of the pulses. A current slightly greater than the magni- 
tude of pulses which would be generated by common 
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loads is subtracted *om vie current pulses before they 
are appliea to the capacitor :c recjce the cnances cf a 
nuisarce trip. Also, a current can be subtracted from :n e 
capacitor to further reduce the oossibiity of nuisance 
trapping. A non-linear transfer function can oe aopiied tc * 
the current pulses before or afar the b as current *s sub- 
tracted n> provide better -esoonse to arcing faults while 
avoiding nuisance trjps. p referaciy. Ihe norvfnear func- 
tion i6 a convex iinctiort, ;.e, a function in which the 
slope is never negative In a specific entedlrant of the ^ 
invention, the ion-linear ftncton is a squaring *unction. 
As another aspect of *w nventicn the arcing fault 
detector is preferably used together with a ground fault 
intenupler which we have tound responds to high resist- 
ance line-to-ground faults such as can be caused by ,5 
failures in wiring devices such as receptacles. Carboni- 
zation produced by the arcing provides a path to ground 
which results in tripping of the ground fault circuit at ax- 
ing currents below *e tnreshoid of the arcng fault 
detector wfrch is necessarily set high enough to avcfa w 
nuisance trips. 

BRIEF 3rSC3lP~lON OF THE DRAWINM 

A full understanding of the invention con be gainec & 
from the following description of the pr e fe rre d embodi- 
ments when read in conjunction wrlh the accompanying 
drawings in which: 

Figure 1 i 5 a schematic diagram of a circuit breaker so 
in accordance with the tventton. 
Figure 2A Illustrates a waveform associated with a 
typical arcing current to which the circuit creator erf 
Figure 1 responds. 

Figure 2B is a waveform diagram illustrating a pulse as 
signal generated by the circuit breaker of Figure 1 1n 
response Id the arcing current shewn in Figure 2A. 
Figure 2C is a waveform diagram showing the 
pulses ~of Figure ZB after they have been further 
processed by the circuit breaker of Figure 1 . *o 
Figure 2D is a waveform diagram lustrating the 
voltage produced on a capacitor forming part of the 
circuit 01 Figure 1 by the pulses of Figure 2C. 
Figure 3A and 38 together itustrate a schematic 
circuit diagram of another embedment of a circuit 45 
breaker in accordance with the invention. 
Figure 4 Is a ptoi llustratlng the response of the cir- 
cuit breaker shown in Figures 3A and 38. 

DESCRIPTION QF THE PREFERRED EMBODIMENT so 

The invention will be desenbed as applied to a min- 
<ature circuit breaker sue* as that desenbed in US. pat- 
ent number 4.081.868 which is hereby incorporated by 
reference. That circuit breaker incorporates a thermal- 55 
magnetic trip device comprising a bi-metal and a mag- 
netic armature which unlatch a spring driven mecha- 
nism to open the contacts in response to a persistent 
ovefcunent and a short circuit current, respectively The 



circuit breaKer of pater, number 4.C81.852 includes a 
grouna feu* detector wnich can be replaced by, or oe 
used in addition to. the arcing fault detector whicn torms 
a part of the present invention. 

'urning to figure i i*e eiecincal system 1 oro- 
tected by the circuit creator 3 includes a line conductor 
5 and a neuiral ccratctor 7 connected x provice sower 
*o a toad 9. The circuH breaker 3 includes separable 
contacts 1 1 which can be trfpped open by a spring oper- 
also trip mechanism 13. The Injp mechanisfri 13 maybe 
actuates by a conventional thermal-magretic overcur- 
rent device 1 5 This thermal-magnetic avercurent 
devrce 15 includes a bi -metal 17 connected <n series 
wrth the line conductor 5. Persistent overcurrerrta hea: 
up the bi-metaf 1 7 causing it to bend and release a latch 
19 which actuates the trip mechanism 13. Short circuit 
currents through the bi-metal 1 7 magnetically attract an 
armature 21 which alternatively releases the iatcn 19 to 
actuals Ihe trip mechanism 13. 

In addition to the thermal-magnetic overcurrem 
device 13 which provides conventional protection . *e 
circuit oreaker 3 provides an arcing fault detector 23. 
"his arcing Jault detector 23 includes a pair of leads 25 
and 27 connected to sense voltage across the bi-metai 
1 7. As the resistance of the bi-metaJ 1 7 Is fcr own (far the 
exemplary bi-metal, eoout 0.0025 ohms), ih s voltage is 
a measure cf the current flowing through the line con- 
ductor 5. 

The arcing fault detector 23 is a trip circuit which 
responds to an inverse reteticcship between the magni- 
tude o4 step Increases in current produced by the strik- 
ing of en arc in the electrical system 1, and the rate at 
which such arcs are struck This arcing fault detector 23 
includes a pulse generating circuit 29 which generate* a 
pulse having a magnitude proportional to the magnitude 
of the step increase in current produced by the striWng 
of the arc. This puise generating circuit includes a filter 
31 which in turn includes a first high pass lifter 33 made 
up of a series capacitor 35 and shunt resistor 37, a low 
pesa filter 39 made up of tie series relator 41 and 
shunt capacitor 43 and a second high pass fiter 45 
made up ol the series capacitor 47 and shunt resistor 
49. The eJectricaJ system 1 commonly has a resistive 
plus inductive impedance which is variable. The time 
constants of the tew pass filter 39 and ths combined 
high case friers 33 ard 45 are selected to be below the 
electrical system response eo that the ampttude of the 
f fltar output will be constant, regardless of the electrical 
system rise time Further, the filter response must be 
chosen to provide sufficient attention at the power line 
frequency, ag., 60 Hz. The response of the filler 31 to 
step increases in currents produced oy an arcing tautt is 
a pulse having a magnitude proportional to the magni- 
tude of the step increase produced by striking of the arc- 
ing current. These pulses will have the polarity of the 
half cyoe h which the arc is struck =br an arcing cur- 
rent which strikes each half cycle and is extinguished at 
zero crossings, the pulses will alternate in polarity. 

The pulse generating circuit 29 also includes a rac- 
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tifter circuit 51 for ccrwfng the ci-polar pulses oufjut 
bytn fitter 3 1 into a single polarity puts* signal A con- 
ventional diode bridge cannot be used to rectify the 
pulses because the diode voltage drops in the conven- 
tional rectifier exceed the milavoft signals produced by * 
an arcing fault across the bi-metaJ 1 7. m addition, the 
rectifier circuit 51 oonverts the voltage pulses produced 
by the fitter 31 into current pulses required by the top 
signal generating circuit which fslows. 

The rectifier circuit 51 includes a oWererrtaf ampli- w 
tier S3 formed by the transistors 55 and 97. These tran- 
sistors are connected through resistors 59 and 61 to a 
constant current source 63 formed by the transistor 65 
supplied with a constant base bias provided by the 
diode 67 and a resistor 69 energized by the supply volt- is 
age bus 71. A current mirror 73 formed by the transis- 
tors 75 and 77 is connected between the supply voltage 
bus 71 and the collectors of the transistors 55 and 57. 
As is weil known, the current mirror 73 operates to 
mairtain the current i m equal to the current i,. With no so 
output from the filter 3i. the constant current provided 
by the constant current souxe 65 is evenly divided 
between /, and i?, Since the current ^ is equal to the 
current n it is also equal to the currem fe. Whenever tne 
fitter 31 generates a positive puise in response to the 25 
striking o? en arcing current during a positive half cyde 
of currem cn the line conductor 5, the transistor 55 is 
turned on more tnan the transistor 57 so that more of 
the constant currsnt provided by the constant current 
source 65 flows through that transistor. Hence, the our- sc 
rent /< exceeds the current fa Snoe the current mirror 
73 causes the current ^ to equal the current / v f m 
exceeds £ and a current / Ifows out of the node 79 
between the current mirror 73 and the transistor 57 on 
the lead 81 ss 

Tne lead 81 Is connected Ic the emitter of an npn 
transistor S3 and the emitter of the pnp transistor 65. 
^he bases of the transistors 83 and 85 are biased by 
one-hall tie supply voltage by the ladder of zener 
diodes 87. With the current ; flowing out of the node 79, 40 
the transistor 85 is turned on to direct the current / to the 
lead 89. 

When tne arcing current sn'<es or a negative naff 
cycle of current or a line conductor 5, a negative puise 
is output by the filter 31 . Such negative pulses turn an is 
The transistor 57 harder than the ransistor 55 so that tne 
current £ exceeds the current Therefore, the current 
' mt is s-naler than the current and the currem > is 
-eversed and Hows into the node 79. This turns eft the 
transistor 85 and turns on tne transistor 83. Tne nega- so 
tive current i flowing through the transistor 83 is mir- 
rored by the mirrgr circuit 91 termed by the transistors 
93 and 95 to produce the currert ' on the lead 69. Thus, 
cesprte the ooiarily of pulses generated by the titer 31. 
ou'ses of a single poJarity appear cn the lead 89. ss 

As rnemicned. there are some toads wnieh gener- 
ate reoetifrve step increases in curre-t which could be 
-nisiaken for arcing faults Therefore tne present inven- 
tion only resconos to stec increases : n current which 



exceed those generated by common icads. This is 
accomplished by subtracting from the single polarity 
puites appearing on the lead 89 a reference current / D 
produced by a constant current sc urce 97 formed by the 
transistor 99 having constant bias applied to <ts base by 
a dtoae 101 and resistor 103 connected to the supply 
vohage bus 71. The portion by which the currem pulses 
; exceed the threshold represented by the reference 
current flows to ground through transistor 104 and 
charges a capacitor 105 through-a currant mirror 107 
formed by the transit tons 109 and 1 1 1 When the ampli- 
tude of the pulses /do not exceed the reference vortage 
; R no current flows through the mirror 106, and hence 
the charge on the capacitor is not affected. 

The voltage across the capacitor 105 Is compared 
in a comparator 1 15 to a reference voltage set at about 
one-half the votage on the supply bus 7i by the zener 
diodes 87, The capacitor 105 integrates with respect to 
time the amount by which the current pulses exceed the 
reference currem <p while the resistor 113 adjusts the 
charge accumulated by continuously bleeding charge 
from the capacitor. The values of tne capacitor 105 arxi 
the resistor 113 a-e selected to provide the desired 
accumulated, time attanuateo pulse amplitude function. 
While the parses produced by the sinking of the arcing 
current can occur randomly, especially where the mag- 
netic forces separate the conductors to extinguish the 
arc the arc is struck repetitively thereby producing a 
series of pulses over time. Hence more pulses are 
required to reach the tireshoJd votage on the capacitor 
when the ampirtude of the arcing current is low mar 
would be required for larger arcing currents. In fact, a 
single pulse of auicfarrt ampirtude wPI generate an out- 
put on the comparator 1 15. The output of the compara- 
tor 115 applies through the resistors 117 and 119 a 
turn-on voltage to the gate of an SCR 121. Turn-on of 
the SCR 121 energizes a trfe coil 123 which releases 
the latch 19 on the trip mechanism 113 to open the con- 
tacts 11. The SCR is protected from voltage surges by 
the varistor 125 and its gats is protected from noise by 
a capacitor 127 Current for the detector circuit 23 is 
drawn from the neutral conductor 7 through tne coil 1 
and 23. and is naltwave rectified by the diode 129 and 
f Bter ed by the inter 1 3 1 to produce the dc supply voltage 
cn the supply vortage bus 71 . The capacitor 105. resis- 
tor n 3 and comoarator 1 1 5 form a trip signal generator 
116 which turns on the SCR 121. 

Figures 2 A. 2a,2CarKi 2D iluslrate waveforms that 
are present at particular points in the circuit in Figure 1 . 
Figure 2A illustrates a typical arcing current waveform 
133. As can be seen, when the arc rs struck a step 
increase m current is generated at 135. The axing cur 
rem is extinguished as it approaches 0. h remains 0 until 
the vortage on ;he negative natf cyde reaches sufficient 
amolitude to strike the ax and a negative step increase 
ir curem 13"> is generated. f> the conductors are forced 
a=ar oy the magnet 5 c terces produced by the current, 
tne arc «voulc rot be stru A cn tne subsequent half cycle 
arc r may be severs -rye lee before the conojetors 
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agaxi come dose enough for the arcing current to strike 
again. This can cccur randomly so thai the polarity of 
the step increases in currant can be random. It wilt be 
noticed trial there is some high frequency noise 139 on 
the arcing waveform. It is this high frequency compo- s 
nent which many arcing fault detectors took for. The 
deieclor circ jrt of the present invention only responds to 
the step increases in current 

Figure 23 llustrates the pulse waveform wtiten is 
output by tne filter 31. As inticated, these pulses 141 w 
can be of either polarity. Figure 2C frustrate* the single 
polarity pises 1 43 which appear on the lead £9 at the 
output of the rectifier arcutt 51. Figure 2C aiso ilus- 
tratee that only the portions of the pulses 143 thai 
exceed the reference current f R are applied to the inte- ts 
grnting capacitor 105. Figure 2D illustrates the voltage 
V c on the capacilor 1 05. As can be seen, each pulse 
adds charge to the capacitor which increases its volt- 
age. Between pulses, the voltage decays as the charge 
isbied by resistor 113 if the pulses are of laige enough po 
amplitude and occur frequently enough, the voltage on 
the capacitor 105 reaches the trip voltage V. repre- 
sented by the reference voltage applied to comparator 
1 1 5. and the SCR 1 21 is fired id trip the circuit breaker. 

Figures 3A and 3B illustrate another erbodim ant of & 
the invention wherein like components are identified by 
like reference characters and wherein components sim- 
ilar to hose in the circuit of Figure 1 «r* identtf ed by the 
same reference character primed. The major difference 
oetween the circuit or Figures 3A and 3B and the circuit so 
of Figure 1 1s that the second embodiment of the i nverv 
tion squares the current pulses before the reference 
current is subtracted. The arcing fault detector 23 of 
Figures 3a and 3t> HkB that of Fgure 1 utilizes the voh> 
age generated across the bimetal 1 7 as a measure of n 
cu/renl flowing in the line conductor lie pulse generat- 
ing circuit 29' includes the filter 3" comprising a high- 
pass filter 33. a low-pass fifte: 39, and a second high- 
pass filter 45, naving time constants selected as dis- 
cussed in connection witi Figure 1 so that the response *o 
of the fitter 31 to step increases in currents produced by 
an arcing fault is a pulse having a magnitude proper- , 
tfonei to ths magnhuoe of the step increeee produced by 
sulking the arcing current. Again, these pulses have 
the polarity of the half cycle in which the arc is struck. « 

The pulse generating circuit 29* aiso incluoes the 
recti* i er circuit 5 V for converting the bi-ootar culses out- 
put by the fitter 31 Into a single ootaritypuise signal. The 
rectifier circuit 5V includes the differential amplifier 53* 
formed by the transistors 55 and 57. the emitters of 5? 
which are connected try a resistor 145. These emitters 
are alsc xnnected to a constant current source 147 
iormed by the transistors 149 and 15' . having a com- 
mon base drive provided by a transistor 153 energized 
tnrouch resisto' 155. 55 

rectifier circu't 51 also includes the current mir- 
ror 73 camoriBing the transistors ■ 57, 155, and 15". As 
d;6Cussedin ccmecticn with p igjre 1 . the currsir mfrnr 
73' assumes thai the currert ^emam* ec/jai tc tne 



current /, . When ths onset of an arc causes the flter cir- 
cuH 31 to ecpiy e positive pulse to the differential arrpfi- 
fier 53\ the trenaalor 55 is turned on herder than the 
transistor 57. This results ;n current flowing through the 
resistor 145 which reduces the curenl Thus, a cur- 
rent / flows out of the node 79. This current pulse, berig 
positive, turns on the transistor 85 to produce a pulse on 
the lead 89. 

When the titter 31 applies a negative pulse to ne 
differential amplifier 53', tne polarity of the current / at 
node 79 reverses end a transistor 83 is turned on The 
current mirror SV tamed by the transistors 163, 165. 
and 1S7 produces a pulse of positive polarity on the 
lead 89. 

A circuit 169 apofies a se! acted transfer function to 
the unipolar pulses generated on the lad 89. Preferably, 
the transfer function is a convex function, that is, the 
slope of the function is never negative, in the exemplary 
emoooSment of the invention, the circuit 189 is a SQuar- 
ing circuit which squares tne pulses on the tad 89. 

This circuit 169 includes a pair of ranststors 171 
arc 173 connected between the lead 89 and ground. 
The tad 89 is also connected to the base of a transistor 
175 which has its emrtter connected to the base of a 
grourded emitter transistor 177. The pulses on the lead 
89 pass through the transistor s 171 and 173 producing 
voltage drcps V*. and V 2 , respectively. The sum of the 
emittor-to-bese voltages v* 3 and V A of the transistors 
1 77 and 175 equals the sum of the vohages V, end V 2 
A constant current source formed by e tnarwetor 17© 
having its base drive f ixed by the transistor 1S1 which tc 
connected to the power supply bus 71 through tie resis- 
tor 183 draws a constant current through tne transistor 
1 75. As the transistor 175 has a high gain, end therefore 
draws negigibie current through its base, the voltage vl 
is fixed by the bias current ; & drawn by the constant cur- 
rent source. As is Known, the voftages V, to V 4 are a 
function of the log c* tne current ^trough the respective 
transistors. Thus, tne following relationship applies: 

log , .+log /,-log < 3 +iog i L 
anc. therefore: 

since A and « are bof" equal to * m {ne curre-.t outses 
onleac 89): 

t. 

anc. 
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pin transistors 189 and '91 so tiart a gain of two fS 
applied to the squared pulses. 

in otder to preclude nuisance trips caused by com- 
mon loads a reference currant i r is subtracted from the 
amplified squared pulse signal by a constant current s 
source 97 which comprises a transistor ! 93 having con- 
stant base drive currant provided by the transistor 195 
energized through the resistor 197. The resultant pUses 
which exceed the threshold current ^ are provided on 
the lead 199. tc 

Turning to Figure 3B. these cipped pulses on the 
lead 199 are appfied to the tnp signal generator ii6*. 
The trip signal generator 1 16' includes an integrating 
capacitor 105. The capacitor 105 is charged from the 
power supply lead 71 through a resistor 1 7 3'. When the is 
circuit is first turned on, a rapid charging circuit 203 ini- 
tially brings the capacitor 105 up to ful crterga This 
rapid charging circuit 203 includes a pair cf transistors 
205 and 207 connected in pare lie I between the power 
supply lead 71 and the caoacitor 1 05. Base drive to turn x 
on these transistors is provided through a capacitor 
21 1 The resistor 209. by diverting some of the eharo/'ng 
current, establishes a rririmum level of dv/dt required to 
urn on the transistors 207 and 209. When tne capacitor 
21 1 becomes fully charged, the transistors 207 and 209 n 
are turned off. and subsequent charging of the capacitor 
i C5 is tn rough the resistor 1 1 3'. 

The capacitor 1 C5 of the tnp s'gnal generating cir- 
cuit 116* integrates the clipped pulses provided on the 
iead 1 99. Each pulse turns on a transistor 213 to turn on *s 
a transistor 215 which, in turn, turns on a transistor 217 
which drains charge from the capacitor 105 In propor- 
tion to tne magnitude and duration of ihe pulse Succes- 
sive pulses reduce the voltage on the capacitor 105: 
however, the resistor 1 13' continuously applies charging 35 
current to the capacitor 105. The parameters are 
selected such that the selected function of the accumu- 
lated, time attenuated amount by which the magnitude 
erf the squared pUses exceeds The reference current is 
inptemented. When the voltage on the capacitor 105 40 
reaches the reference vohage on the comparator 115" 
formed by the transistors 2i s and 221 . which is the sup* 
piy voltage (+13 volts) minus the diode drops of these 
two transistors, the transistors 219 and 221 are turned 
on. This turns on a pair of transistors 223 and 225 which <5 
latcn the transistor 215 fuil-on to generate a positive (ho 
signal on the lead 227 through transistor 229. This trip 
signal turns on the SCR 121 lo energize the trio cofl 
123. 

Preferably, *ie sputtering arc fad I detector 23" is so 
used together with a ground current detection circuit 
such as the ground fautt circuit 231 or an earth leakage 
or ejection circuit (not shewn) which are used for pecple 
protection and equipment protection, respectively. Pref- 
erably, the ground feult interrupting circuit 231 is of tie 5* 
Dormant oscillate* type such as :s shown in U S. patent 
number 5,224,006 which is hereby incorporated by ref- 
erence. Such a doirnar: oscillator type grounc fautt 
:merruptirc crcuil includes two c ck-uo coi 6- Tre nrsi 



coi 233 is a tore dal ceil thro jgh wiich both the line and 
neutral conductors 5 and 7 pus. Only ihe neutral con- 
ductor 7 passes through the second toroidal coi; 235. 

The gjouno current detection circuit such as ground 
fault circuit 231 is partcuiariy useful in combination with 
the arcing tautt detector. As mentioned, the arcing fault 
detector 23' is subject to nuisance trips caused by some 
common loads which produce waveforms sirriar to 
those caused by arcing faults. Thus, the magnitude of 
the step increases in ctrrerrt to which the arcing fault 
detector responds must be set high enough to avoid 
response to common loads which can produce a simitar 
step increase. We have *ound that arcing condrtioris 
such as can be created in wiring devices such as recep- 
tacles by faulty connectors cause carbonization which 
can lead to ripping of the ground fault interrupter at arc- 
ing currents which are below tie response level of the 
arcing iault detector. Thus, the ground fault interrupter 
231 extends protector against axing faults. The trip 
signal generated by the ground fault interrupting circuit 
231 lurns on th e 90R 1 21 through the lead 2R? to ener- 
gize the trip solenoid 123. 

Tre around fault detector 231 and the arcing fauh 
detector 23' can be Implemented on a singie integrated 
circuit chip (not shown). Canain of the components of 
tne arcing fault delectar 23* could be implemented by 
discrete components off of the ch^ to provide for easy 
rrotfr kartion of tne circuit fcr different applications. For 
instance, the input fitter 3i could be pro vtied by discrete 
components in order to adjust the sensitivity of the arc- 
ing fault detector. In addition, the capacitor 105 and 
charging resisior 201 could be discrete elements 
selected to provide tfie desired inverse relartfanshfc 
between the amplitude of the cul&es and the arcing rate. 
In connection with thia, the resletor 209 and capacitor 
211 which form pan of the circuit 203 for initially charg- 
ing tne capacitor 105 could also be selectable or' chip 
components. Itmayalsobedeeirabletomakethe resis- 
tor of the thresnokl circuit 9T a discrete resistor to 
adjust t H e threshold level 

Figure 4. illustrates the inverse relaiionship betweer 
the amplitude of the puises generated by the onset of 
the arcinfi current and the number of pulses required to 
gene-ate a trip signal As can be seen from Figure A the 
arrpGtude of the pulses rust exseec the threshold 
value represented by i P in order to generate a trip sig- 
nal. Or the other hard a single step increase in current 
of about 9C amps :n the example will trip the circuit 
breaker. 

Four traces A-D represent ng several rBfios ol half 
cycles n which on a-o is struck to the total number of 
hat cyces are shown in Figure 4. For instance, race A 
illustrates the response curve wherein an arc is initialed 
during each half cycle and thus is extinguished at each 
?ero crossing. The trace B represents the instance 
wherein an arc is initiated once every tnree ha* eyres, 
while t-ace C illustrates a duty cyoe of an arc struck 
every sever ha^ cyoes and trace D represents f he 
response lor 5 ooty evelp in wnich ar, a r c is strucK only 
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every 15 half cycles. 

As can be appreciated, the inwiti n provides a 
simple, low aost detector for distinguishing arcirg laufcs 
from normal/ encountered loads which also distort the 
current waveform in eJeceical distribution systems. This s 
simple circuit provides variabl response dependent 
upon the amplitude of the step increases in current pro- 
duced by the strfting of the arcing current and the time 
intervals at which repetitive puises occur. 

WhBe specific embodiments of the invention have to 
been deserted in detail, ft wfll be appreciated by thoee 
skilled in (he art that various nodffrcations and alterna- 
tives to those details could be developed in light of the 
overall teacrungs of the disclosure. Accordingly, the par- 
ticular arrangements disclosed are meant tc be ilhistra- is 
tive only and not limiting as to the scope of invention 
which is to be given the fu8 breadth of the ciaims 
appended and any and el equivalents thereof. 

Claims ro 

1. A circuit breaKer (3) tor interrupting currem in an 
electric* system (1} subject to ar arcing current of 
undetermined arnpfcude which repetitively strikes 
&eid crcurt breaker comprising: n 

separable contacts (11} which interrupt said 
current in said electrical system (1) including 
said arcing current when open; and 
trip means (23} comprising pulse generating jc 
means (29) generating a pulse with an ampli- 
tude which Is a direct function of said undeter- 
mined amplitude of said arcing current each 
time said arcing current strikes to produce a 
series of pulses, trip signal generating means n 

16) generating a tip signal es a function of 
an accumulated, time attenuated amolltude of 
said pulses, and means (13) opening said sep- 
arate contacts in response to said trip signal. 

40 

2. The circuit breaker (3) of Claim 1 wherein sad trip 
signal generating means (116) generates said trip 
signal as a function of the accumulated, time atten- 
uated amount by whi ch the amoJrtud e of said pulses 
exceeds a threshold value. <s 

3. The circuit breaker (3) of Claim 2 adapted for use 
wrfrt sad electrical system (1) which is subject tc 
intermittent normal load currents of a certain mag- 
nitude, and wherein sard threshold value cone- 57 
spends to an amplitude of said arcing current 
greater than said certain amplitude of said intermit- 
tent normal load currerns. 

4. The circuit weaker (3) a* Claim 3 whereir. said .?5 
pulse generating means (29) includes recrrryi-ig 
means (51) gene*atrg pulses 0* a single coiarrty 

5. The circuit breaKe* (3 c ; O^- ; wnsrein ssid 



pulse generating means (29) gane-ates pulses of a 
single polarity, and said trip signal generating 
means (11 5) comprises a capacior (iqsj, means 
(97, 104. 107) applying said pulses to sad capaci- 
tor, adjusting means (113) connected to sari 
capacitor tor adjusting charge cn said capacitor at a 
selected rale in ar. opposite sense from sad pulses 
(105). and output means (1 15) generating said trip 
signal when voltage across satd capacitor (105) 
reaches a predetermined value, said capacitor 
(105) and adjusting means (113) being selected 
such that said voltage eases sab capacitor (* 05) re 
determined oy said accumulated, r me attenuated 
erTTplftude of said pulses. 

6. Trie circuit breaker (3) of Cla m 5 wherein said 
pulse generating means (29) includes means (169) 
applying a convex function to said pulses to pro- 
duce non-linear pulses which arc aopfied to said 
capacitor (i05) by said trip signal generating 
means (11 6). 

7. "^e e'reuit breaker (3) of Claim 6 wherein said 
means applying said pulses tn said capacitor ( 1 05] 
comprises means (9"H only applying a portion of 
said non-linear pubes exceeding a threshold value 
to said capacrtor (105). 

8. The crcurt breaker (3) of Claim 5 wherein said 
means (97. 1 04. 107) applying said current pulses 
to said capacrtor (105) comprises means (97) only 
applying a portion of said puises exceeding a 
threshold vaiuetc said caoadtor (105). 

9. The crcurt breaker (3) of Claim a adapted for jse 
wftn an eiecricaf system (1) subject to imermrrtent 
load currents of » certain amplitude wherein said 
means (ST) applying a portion of said pulses 
exceeding a tnresnoid value to said capacrtor (105) 
comprises means subtract'ng from said pulses a 
reference current which is said cfwect function of a 
current in ee*) electrical system (1) greater trtan 
said cenain amoftucte of said imermment normal 
currents. 

10. The circuit breaker (3) of Claim 9 wherein said trip 
signal generating nears (116) Either includes 
ground current detecVng means (23 < ) which gener- 
ates said trip signal in response to a ground current 
above a oredeterm-ned level bjt below said certain 
ampbTude of said inter miner* normal currents 

11. The circuh breaker (3) of Claim 5 wherein saic 
oulse generating means (29) comprises means 
f 1 7) generating a voltage proportional tc said arcing 
current, f rtte* means (31 ) generating vo'tage auieee 
having an amok tube which is eaid direct function & 
saic undetermined amplitude of said arcino current, 
p.nc means (5V.i converting said vcltage puises *o 
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current pulses & a singe co arity. 

12. The circuit breaker (3) of Claim 1 wherein said 
pulse generating means (29) includes means (189) 
applying a convex function to said pulses to pro- s 
dues a series of non-tineex pulses ard wherein said 
trip signal generating means (1161 generates said 
trip signal as a function of an accumulated, time 
attenuated amplitude of said non-linear pulses. 

13. The circuit breaker (3) of Claim 12 wherein said 
pulse generating means (29) induces means (9T) 
subtracting from said non-linear pulses a reference 
current which is a cfirect function of current in said 
electrical system (1) ard which would generate a is 
nuisance trip. 

14. The circuit breaker (3) of Claim 1 wnenan said trip 
serial generating means («16) further includes 
ground currentoelecting means (231) which gener- ptj 
ates said trip signal in response to a ground current 
aoove a predetermined level. 

16. The circuit breaker of Claim 1 wherein said trip 
means (23) further includes means (169) adjusting 2s 
the amplitude of seed pulses in accordance with a 
selected non-linear function to produce a series of 
pulses of adjusted amplitude end wherein said trio 
signal generating means (US') generates said trip 
signal as a function of the accumulated, time atten- x 
uated adjusted amplitude of said pulses. 

16. The circuft breaker of Claim 15 wherein said trip 
signal generating (116") means further Includes 
ground current detecting means (231) which gener- ss 
ates said tip signal in response to a ground current 
above a predetermined leve; 

17. Apparatus (23) for detecting saic arcing current of 
undetermined amplitude which strikes repetitively 4? 
in an electrical system, said apparatus comprising: 

pulse generating means (29) generating a 
pulse with an amplitude proportional to the 
jrtetermined amplitude of said arcing current 45 
each time said arcing current strikes to produce 
a series of pulses; and 

cutout signal generating means (116) generat- 
ing an arcing signal as a function ol an accu- 
mulated, time attenuated amplitude of said so 
curses 

18. Trie apparatus \23) of Claim 1 7 wnerein said output 
signal generating (i 16) means generates said arc- 
ing signal as a function of an accumulatec time 
attenuated amount by which said arrp'itude of said 
ouises axcesos & threshold value. 

19. Tne apoaratus <23) o k Clam 1 s w^ereir said pulse 



gertenrmg means (29) gene rales current puises of 
a single polarity, and said output signal generating 
means (n§) comprises a capacitor (105), means 
(97, 104, 107) applying said pulses to sad capaci- 
tor (i 05). adjusting means (113) connected to sad 
capacitor ( 1 05) 'tor adjusting charge on said capac- 
itor in an opposite sense from said pufsee at a 
selected rate, and output means JUS) generating 
said output signal when said voltage across said 
capacitor reaches a predetennined value, said 
capacitor (105) and adjusting means (113) being 
selected such that aaid voltage across said capaci- 
tor (i 05) is determined by accumulated, time atten- 
uated amplitude of said pulses. 

20. The apparatus (23) of Claim 19 wherein said pulse 
generating means (29) includes means (169) 
applying a convex function to said puises to pro- 
duce non-linear pulses when are applied to said 
cagadtor (105). 

21. The apparatus of Claim 20 wherein said means 
(169) apolyhg a convex function to said pulses 
comprises means squaring said puises to produce 
squared pulses which are applied to said capacrtor 

(105). 

22. The apparatus [23) or Claim 20 wherein said 
means applying said ouJses to said capacitor (105) 
comprises means (97*) only aupiying a portion of 
said nor, -linear puises exceeding a threshold value 
tc said capacitor (105). 

23. The apparatus (23) of Ciaim 19 wnerein said 
means (97. 104, 107) applying said current pulses 
to eaid capacitor (105) comprises means (97) oniy 
acotying a portion of said pulses exceeding a 
threshold vaiue to said capacitor (105;. 

24. The apparatus (23) cf Claim !7 wnerein said pulse 
generating means (29) incudes means 069) 
applying a convex function to said puses to pro- 
duce a series ol r on-linear oui6es and wherein said 
output signal generating means (1151 generates 
said trip signal as a function of an accumulated, 
lime attenuated amplitude ol non-linear pulses. 

21 The apparatus (23) of Claim 2* wnerein said pulse 
generating means (29) includes mesiis( 97*) sub- 
tracting from said non-linea* pulses a reference cur- 
rent wnich is a direct function of current m said 
eiectrical system {■.) and which wou'd generate a 
nj sance :np 

55 26. The apparatus o* Claim 1"* wherei- said outee gen- 
erating -nears [2$ s includes means (169) aooiying 
a non- inea- tlt ctton tc sa<d pulses 
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